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[ ZE]B8.%F i A998 (hepatocellular carcinoma, HCC) F X SKHE M1 (forkhead box M1, FoxM1)#ik 55 H i 25 [ (alpha-
fetoprotein, AFP) =AY R, 73k . 0 BIPR ] Western blot F1%¢ Y652 i PCR (fluorescence quantitative PCR , FQ-PCR ) ARG 52
il HCC 38 M4 21 FoxM1 AR FT AFP mRNA A7 JF A0y S ARAT MG AFP K-, 23 =38 R O s FoxM 1 4 54
KI5 A% 22 7 & (thiostrepton , TST) M EE 4] FoxM1B i # (adenovirus combined with FoxM1B gene, Ad-FoxM1B)43-5I4/EF A
HepG2 Fl HepG2.2.15 JHE MG , FQ-PCR Al FoxM1 mRNA FikAE{k , Western blot &5l FoxM1 & (1 #iAE 1k | Hfb 2z kol
PAMIEFREE I AFP 70EAL, S8R . (1) HmA 2 FoxM1 5 HFRBACT- 540 AFP mRNA FRik/KF KA AFP 43l
K4 5 TE A (r=0.448 , P=0.001;r=0.381,P=0.005) ; (2) F 4 FoxM1 &3k 0] B S| HepG2 I HepG2.2.15 i i1 5> AFP
(P,=0.000, P,=0.000) ; (3)FoxM1 1] B & {2k HepG2 1 HepG2.2.15 40 il 3¢5 A4y AFP (P,=0.000,P,=0.000;P,=0.001, P,=
0.000), Z&5it . AN T FoxM1 5 AFP (R IRBVIFASE, FoxM1 FIRETEAE i AFP Kikrh RETZAEH .
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Forkhead box 1 correlates with alpha—fetoprotein production in human

hepatocellular carcinoma
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(Department of Laboratory ,The First Affiliated Hospital of Chongging Medical University)
[ Abstract)Objective ; To investigate the relationship between forkhead box M1 (FoxM1) and alpha—fetoprotein (AFP) in human hepa-—
tocellular carcinoma(HCC). Methods: AFP mRNA and FoxM1 protein in 52 HCC tissues were validated by fluorescence quantitative
PCR(FQ-PCR) and Western blot. Data of preoperative serum AFP secretion were collected,and the correlation among FoxM1,AFP
mRNA and serum AFP were analyzed. HepG2 and HepG2.2.15 cells were treated with thiostrepton (TST) and adenovirus combined
with FoxM1B gene. Changes of FoxM1 mRNA and protein were quantified by FQ—-PCR and Western blot. AFP in culture supernatant
was detected by electrochemiluminescence method. Results: (1)The expression of FoxM1 protein was positively correlated with AFP
mRNA and serum AFP(r=0.448,P=0.001;r=0.381,P=0.005). (2)The decreased expression of FoxM1 could decrease the secretion of
AFP in HepG2 and HepG2.2.15 cells(P,=0.000,P,=0.000). (3)FoxM1 could increase the expression and secretion of AFP in HepG2
and HepG2.2.15 cells (P,=0.000, P,=0.000; P,=0.001, P,=0.000). Conclusion :FoxM1 protein expression correlates with both in vivo
and in vitro AFP production in HCC. FoxM1 possibly play an important role in regulating the expression of AFP.
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S SCRAHERG S K F (forkhead/winged helix transcrip—
tion factor) ZZ % H 19— B3, AR S 1 8 5k 1 7 1
A b, R KK HCC R A |k 2% YA
K, & HCC Z0ME 22034k e A= ARG 58 BT A0 75 1Y
s Rl DL B S5 IRBER FoxM 1 7E A AL 9 2R
IR AFP B ROE AR 25 — 2tk (H2 kT
FoxM1 27525 AFP J PR SR AL i A ARG
AWFFEAN A NSRS AKF- R 1) FoxM1 5 AFP S
PRI SR FRT AR C AR | DU 2253 A [R)

1 #HRFF*

1.1 A

LLT HEU R 2010 4F 4 A 2 2012 4F 6 A B HE KRR
PR M i 28— B BEAFARA MR TR VIBR 9 HCC 4 ZbR
A 52 (B HE 43 0, Lotk 9 B AR 27~75 ) RHFTAREST
HOTAARTT I LA AR IBR Y 3 41 (B 1 2 ), ot 1
B, 4F0% 35~71 2 ) IE W T SUWRAAE R BT B BT br A
ST LN

112 4R R (HepG2 Al HepG22.15)
R R BB 2 SR P 5 512 6 25 EE G s MEML 4 i 1 5 Ak
iR M55 A 52 HyClone 23 B ; 685 22 7 F (thiostrepton,
TST) 4 B Fit + Enzo 23 ] ; T 4H FoxM1B IR %5 2 (adenovirus
combined with FoxM1B gene, Ad-FoxM1B) £ 258G H A
##(adenovirus combined with green fluorescent protein gene, Ad—
GFP) py LA B2 2 A= ) T AR RO FRZ W45 80 6 RNA
PRI £ A 35 F Promega /A 7 ; PrimeScript® i 53t i)
&A1 SYBR®UEEE I PCR (fluorescence quantitative PCR, FQ—-
PCR)1H &1 A K34 TaKaRa 23 Hl ; 28 BT & (RIPA)
W H 2 RAPERPSERT ; PCR 5149 17 Invitrogen 2%
A BT FoxM1 g BEHTIRIE A 3E[E Abcam 24 H], Bl
L GAPDH g A  FBT A B-Tublin B3¢ BEHTIAFIH
W AT S 5 1 F BT SRR sE B A 48 = KA W0
ARWFTEIT

1.2 S8k

12.1 Z0MEHETE  HepG2 Hl HepG2.2.15 AN & 10%)i
AL MEM 35975, T8 5% C0,.37 CANMIER FRAR T 15
It o

122 TST AbFEANML  HepG2 4HMI LA R 4.0 x 10° 4~ 4fl g
B, HepG2.2.15 4 i LA 45 3R 3.2 x 108 /> 41 g 56 R, 5%

C0,.37 CH:iFE 24 h J5 M FHZREE N 4 wmol/L B TST /EH]
HepG2 2L, 244 4 2 wumol/L #4 TST 1 ] HepG2.2.15 4
Jifl, Y9VEH] 24 h #1148 h,

123 BRR R HepG2 Al HepG2.2.15 41l 4 L 45 5L
1.5 x 10° N 6 FL, 5% C0,.37 CE53% 24 h 543 il
JHEEZH FoxM1B 5905 251 GFP [ iE UL 40, Y4BT 24 h
148 h,

1.2.4  AFP mRNA kKRN Z M Promega /A 7 16 HH
A5, A BRI 220 IE 8 RF2H 2L TST A5 40 4l
JiR B S IS A A A RNA 4T FQ-PCR, 5[ Primer
5.0 A4 BLAST #fiiA , AFP 1 GAPDH 1) L= F i3]
YIZ 1, FQ-PCR 414441495 °C 30 s FEIE, 95 °C 5,60 °C
34 s 3L 40 MEFIEAT PCR B, Befi 95 °C 155,60 °C 1 min,
95 °C 15 s 1 MEALGE AN, BRI TR 3 K, K
2z X IR (DIBZE K ARES cDNA BiH7) . 455 L) GAPDH 1E

SIS, LI (4 TF 5 2H 2R 00 BAZEAE R vl BR, T AAC {B 322
W RER,

125 FoxM1 FHEFFEMBIM S8 RIPA 3HI & Ui 45, 4
TR EUIT 412U 1 TST AL B 24 h 1 48 h J5 4% 2H 40 i 46
M. H4 FoxM1B I GFP IR EE/EYL 48 h J5 IR 24440
MEFE T, BCA & B8 & & 5 1T Western blot, —HiA
BT FoxM1 BATTRESTIA (1:400) FIEITA GAPDH & B-
Tubulin J.5EFEPTLAR (1:1 000) , 40 R AR o S AL Py B2 &
BT B SERE BT (1:3 500), LA FoxM1 5 GAPDH 1§, B-
Tubulin FYEEFE LUIE IR B APRAS T FoxM1 A 5
1.2.6  4UIR5FREE 3 AFP KRG 435 cE TST Ab#f
24 h 1 48 h JF A ARG FR 2L 17 FEA FoxM1B Hl GFPAR
TR 48 h A A ERE SR BN, P I E170 fafky
K E B RE AN E 4% LA 5 R HE TR B AFP 4,
1.3 %itpwr

SCRBR R SPSS 17.0 Geit2# A kAT 40 Hr , S 4L
Pt AIEL £ bRifE2E (w x5 ) TR, ZALTIR 2 2 [0 19 HL 4R
FAAT PRIy 25 53 A i o R 28 05 22 000, A G 3BT R
Pearson AHFNESHT , KB /KHE «=0.05,

2.1 HCC B H I JEH L F FoxM1 & & & ik K-F 5 AFP
mRNA # ik K -F B AT fe & AFP 4K -F EEAR %
HCC BF AL FoxM1 & 540411 AFP mRNA

%1 FQ-PCRFETHMSI#FES
Tab.1 Primer sequences for FQ-PCR

FEIN AR Ei#5 1% N1 FERIRAN
AFP 5’-TGCAGCCAAAGTGAAGAGGGAAGA-3’ 5’-CATAGCGAGCAGCCCAAAGAAGAA-3 217 bp
FoxMI 5’ -CTACCCACCTTCTGGCAGTC-3’ 5’ -CTACCCACCTTCTGGCAGTC-3’ 139 bp
GAPDH 5’ -GAGTCAACGGATTTGGTCGT-3’ 5’ -TTGATTTTGGAGGGATCTCG-3 238 bp
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FORAG I AFP =F Z MR LK 1, HCC B w4
1 FoxM1 & [1435 K -5 AFP mRNA 235K - (r=0.448 , P=
0.001, & 1A) K& AFP 437K F-(r=0.381, P=0.005, & 1B)
IEAHSE HFREZHZ T AFP mRNA 26k /K -5 M35 1 AFP 43
FKEIEARSE (7=0.542, P=0.000, [¥] 1C)

2.2 TST #E AN HepG2 A= HepG2.2.15 4afittj& 5+ FoxM1
#9 KK B AFP 53k % vk

2.2.1 TST XF40AIN FoxM1 mRNA FIZE [ 334 B30 HIRCR
FQ-PCR %53 WL &l 2A, Western blot 55 ULIE 2B,4 wmol/L
F1 2 wmol/L TST 43 /EH HepG2 Hl HepG2.2.15 4 fif 24 h
F148 h J§ FoxM1 mRNA I HTEZS HAL RIS e 2l b Kk
P LA AT A R 3% 2 .3,

%2 FoxM1 mRNA £Z AAFMEWANRIESRESILILER
(x+s5,n=3)
Tab.2 Expression of FoxM1 mRNA in blank and experimental

groups (x +5,n=3)

HepG2 HepG2.2.15
24 h 48 h 24 h 48 h
AL 1.000 £0.056  0.924 +0.051 1.000 + 0.074 0.996 + 0.021
SCERZH 0427 £0.028  0.359 £0.022 0.360 +0.028 0.291 = 0.026

1)

1 - HepG2 4 TST 1 I #4920 41805 ( F=564.1,P=0.000 ) , 4b B
BFA] & 0 (( F=9.116, P=0.017 ) , ¢ T/ Fil ( F=0.028, P=0.872 ) ;
HepG2.2.15 4ilfifd v TST 45 FH i 43 4H 2500 ( F=743.8,P=0.000 ) , 4b 1
RO ( F=2.257,P=0.171) , &8 HAEF ( F=1.759,P=0.221 )

3 300 50 0007 . .
% ’ Z 40000 &l )
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4L FOXMI 2 7K (FOXMI/GAPDH)

A. FoxM1 &[5 AFP mRNA

041 FOXM1 21K (FOXMI/GAP)

B. FoxM1 5 ARFT ML AFP

ZH41 AFP mRNA 7K P (22)

C. AFP mRNA 5 AR[TI0E AFP

1 52 4] HCC & FFEA AT FoxM1 A5 AFP mRNA Fik/kERABIME AFP ik E=& 2 HEX &
Fig.1 Correlation among the expressions of FoxM1 protein, AFP mRNA and preoperative serum AFP in 52 HCC
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TSTALFLT HepG2 4T FoxM1 2 (155725 4k
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TSTAMPHJR HepG2.2.15 AlNfIHH FoxM1 # RIS

B. FoxM1 Z& 14635 7K 454k

a: P<0.01

2 4 umol/L #1 2 pmol/L TST 4> 5I4E A HepG2 #1 HepG2.2.15 i 24 h F1 48 h J§
FoxM1 mRNA fiE A FRIEKFEZK (x +5,n=3)
Fig.2 Changes of FoxM1 mRNA and protein in HepG2 and HepG2.2.15 cells after using 4 pmol/L and 2 wmol/L TST for
24hand 48 h(x+s,n=3)
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#3 FoxM1 EEAEZHHEMIWANRIEER SR
(x+s,n=3)
Tab.3 Expression of FoxM1 protein in blank and experimental

group (x +s,n=3)

HepG2 HepG2.2.15
24 h 48 h 24 h 48 h
4] 0.459+0.029  0.465+0.030 0.375+0.033 0.419 +0.012

SR 037920026 0.200+0.042 0.177 £0.025 0.036 +0.049
1 - HepG2 i+ TST 15 FH 4 43 LH A0 (F=84.71,P=0.000) , &b BEL
/] 25 10 (F=21.1,P=0.002) , 22 H./E ] (F=24.66,P=0.001) ; HepG2.2.15
ANAE A TST A B9 43 408 (F=233.9,P=0.000), 4b F i 8] 54
(F=6.574,P=0.033) , 2 HAF I (F=23.86,P=0.001)

iR

222 TST MHIANMIRGFRIE LG AFP (3 KRk 1E
AFP K45 58 LI 3, 4 pwmol/L A1 2 wmol/L TST 43 %4 i
HepG2 Fl HepG2.2.15 4iiJfl 24 h 1 48 h Ji7 , 25 FH 4L FIS2 8641
Fe it B AFP JR KR LU, S Bras SR L3 4,

23 F4 FoxM1B Bk a2 e ANT & 28 105 FoxM1 84 & ik
BRI AFP Fik 5 4k e ¥ eh

23.1 HH FoxMIB M9 8% 44 J5 FoxM1 7£ HepG2 FlI
HepG2.2.15 ML FRIRFHORAM  Western blot 25 ULIE 4,
H4 FoxM1B H1 GFP 9 222 % HepG2 1 HepG2.2.15 4l

HepG2
1200 . a
1 000
TST
800+ mm| 0 pmol/L
E 3|4 wmol/L
B 600
= 4004 T
< T
200 T
0- T T

24 h 48 h

A. HepG2 AiHfIR5F73E iF AFP /3K F7AE (b

AFP(ng/ml)

48 h J5 ,FoxM1 & [ 1€ F 4 FoxMI1B i o B Y 40 v i 5
ik,

23.2  FEHL FoxM1B Ji 5 55 2% e AT 9 4 i )5 A #F AFP
mRNA [UZEIAFI AFP B3 FQ-PCR 453 UK 5A  Hafk2F
RICHESE T LA 5B, T FoxM1B Hl GFP I 25/ HepG2
Fl HepG2.2.15 41l 5 CO 41 \GFP i 5 75 J8 Yy 41 Al 7 41
FoxM1B i ERI YL 2 P, AFP mRNA Y2635 I 3R 2 |-
7 AFP (3K FUB, I 5 5 46 5.6,

x4 TSTIERBEZAHEMEWAMA LE AFP Sk FRE
B (x +5,n=3)
Tab.4 Secretion level of AFP in culture supernatant of HepG2

and HepG2.2.15 cells in blank and experimental group

(x+s,n=3)
S -pG2.2.15
g5 HepG2 HepG2.2.1
24 h 48 h 24 h 48 h
SH4] 851.6+87.8  927.6+883 882.4+98.1 937.1+105.9
SLIGA] 357.7+91.6 2004 +847 511.8+90.1 283.8+84.3

14 : HepG2 A TST 1 B9 40 4L RN (F=144.2, P=0.000) , &b i
[BJ2500; (F=0.637, P=0.448) , 3¢ HAE ] (F=5.261,P=0.051) ; Hep(G2.2.15
YR TST A FH B 5 413008 (F=87.22, P=0.000) , A BRI 8] 24 17 (F=
2.501,P=0.152) , 28 HAEH (F=6.649,P=0.033)

HepG2.2.15
1 2001 a A
1 0004
TST
8004 (0 pmol/L
3|2 pmol/L,
600 T
4004 1
T
2004 IC
0+ T T

24 h 48 h
B. HepG2.2.15 AAERE 33 11 AFP 43K T-2E fk

a: P<0.01

B 3 4 pmol/L #1 2 wmol/L TST £ 5I1EMA HepG2 #1 HepG2.2.15 4HAE 24 h #0 48 h [51EFRE £iF AFP 5ib/KF I (x £5,n=3)
Fig.3 Change of AFP in culture supernatant of HepG2 and HepG2.2.15 cells after using 4 pmol/L
and 2 umol/L TST for 24 h and 48 h( x +s,n=3 )
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-y

Ad-FoxM1B

CO Ad-GFP

—— —— ——— !
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0.00 = 0.00 0.00 = 0.00

HepG2

1.17£0.48

0.00 = 0.00 0.00 = 0.00 3.11+143

HepG2.2.15

E 4 =40 FoxM1B JRfmaE R HepG2 #1 HepG2.2.15 4RAfIfE FoxM1 BEERIAER
Fig.4 Changes of FoxM1 protein in HepG2 and HepG2.2.15 cells after being infected by Ad—FoxM1B
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A JEYE Ad-FoxMIB Ji HepG2 #il HepG2.2.15
Afsrf AFP mRNA ik fk

B. J&Zt Ad-FoxM1B J& HepG2 il HepG2.2.15
A rh AFP A5 4,

a; P<0.01

B 5 =40 FoxM1B BRES R HepG2 #1 HepG2.2.15 4HAESE AFP mRNA RiZKFEH AFP 43 ih 7k EZE (x £5,n=3 )
Fig.5 Changes of AFP mRNA and protein in HepG2 and HepG2.2.15 cells after infected by Ad—FoxM1B( x +s,1n=3 )

%5 AFP mRNA 7£ CO 42.Ad-GFP %1 Ad-FoxM1B ZAH&RiX
ERESMILE (x £5,n=3)
Tab.5 Expression of AFP mRNA in blank,Ad-GFP and
Ad-FoxM1B groups ( x +s,n=3)

251 HepG2 HepG2.2.15
co 1.034 £0.278 1.038 £0.334
Ad-GFP 0.987 £0.317 1.111 £0.480
Ad-FoxM1B 1.977 £0.182 2.455 +0.679
FH 39.96 21.41
P 0.000 0.000

1 :HepG2 40 il ' Ad-FoxMIB 41 Y5 CO 41 % Ad-GFP 41 Lt %
( P=0.000,P,=0.000) ,CO #15 Ad-GFP 41 H. %5 ( P=0.714 ) ; HepG2.
2.15 A Ad-FoxM1B 415 €O 41 J Ad-GFP 41 Fe % ( P,=0.000,
P=0.000) ,CO 415 Ad-GFP 4145 (P=0.766 )

%6 CO 4H.Ad-GFP 70 Ad-FoxM1B AftEsRE iF AFP
SWERESHER (x+5,n=3)
Tab.6 Change of AFP in culture supernatant in blank, Ad—GFP
and Ad-FoxM1B groups ( x +s,n=3 )

2H 5 HepG2 HepG2.2.15
co 2434 +335 369.0 +34.3
Ad-GFP 2335+295 3612338
Ad-FoxM1B 5255+81.7 607.4 +27.8
FH 28.53 56.89
P 0.001 0.000

I :HepG2 41 I Ad-FoxM1B 4 5 CO 4 & Ad-GFP 4 b
( P=0.001 .P,=0.000 ) ,CO #H 5 Ad-GFP £ L %5 ( P=0.828 ) ;HepG2.
2.15 4 h Ad=FoxM1B 215 CO 41 &% Ad-GFP 41 Fe 4 ( P,=0.000,
P,=0.000) ,CO 2415 Ad-GFP 41 %5 ( P=0.777 )

3 3 g

KIILISR , AFP 15 SRR 57 0 P88 s 75 4
NIRRT, AR TE A B, AFP ANUAT A T

AR RR S T HCC B2 WA T ROEAS , IR —
Pl fEE HCC KA B U@ (S 500 7, FLH TS
AEAE P20 AR AL A HOC 19 % R K SRt i rp
FEEZANERT, AFP FER G S Ji 5 5 912 A A T
Fa SR SRR X, I PR R AFP 845 75471
T HCC #m3R Y7 1Y SR IS 2 o 75 A9 g i

B IRABFGE AFP JEFYE HCC KAz ad i rp
P53 -4 )

B1(
5-\' 4

FHERR - HLE, ARG IR HCC 5
IRITEEAL B A

FoxM1 J& Fox % 5t ¥ KR — 01, m R iE T
AFE HCC 76 N B ZFEE s v, 2 5 s i &
Az RIS AEFFIEAC RN G BE S D) e rh R
YE B Fox % i 51 A FoxA2 FoxAl FoxO1
FoxM1 Z5031 Hi  FoxA2 Fl1 FoxAl E#UESLXT AFP
HAF SRR FoxA2 # 5t Frl i@t 5 AFP
FLH -850 bp 4bJH 8l F-F1-1 450 bp Ab E3 34551
S AE T/ M5 B G ARP JE PR G SR04 i
FoxA1 nJ/EN“ el st I+ FE MG T 40 M o1k
1f F o o b A TGF -B {5 5 i #% ' SMAD2 #il
SMAD4 &5 0 S5 AFP J5 3l FAHZSE S 17
KA HE AFP 5805 [FEPE 5B & B, FoxM 1B Al
FoxAl 1R IZE DNA 45430 39% 1Y ] I 7
FI6 R FoxM1 /7765 AFP 5488 7 5 A &
SRERY AR

AHFFE LG FAESE  HCC B P 4120 FoxM1
FEFEK TS AFP mRNA Fik K K i i AFP
TR IEARDG  IHEZH 2 AFP mRNA Rk /K- P
i AFP 23KV IEAHDC , S i A AR i 7
H FoxM1 [G8YS AFP (5SS IA 5%, 75b,
A 5T 38 2 Fox M1 4ep S5 300 o1 770 At ik 22 1 =
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TV AT HepG2 Fl HepG2.2.15 4 FoxM1 )
TR BEE FoxM1 B RIBAKF-HBEAL, K
F LI AFP 20 MK VIR 2 PR R AIG  A I, EE A
FoxM 1B B 5B A HepG2 F1 HepG2.2.154
M5, FoxM1 3%k i) B e E 40 th AFP mRNA
(ISR FIREFRIE 3 AFP (730, 3275 FoxM1A[
AEIE o EL 2R AFP A5G ST Y AFP B3Rk
ARG . 22 A2 1) & A= B v FoxM 1 A]
et F S AFP VR TEs & B0 AFP 3
PR Sk 6T L8 ARP (R 3235 (i 20 200 i fr) 344 4
A A GER AL, (H2, T FoxM1 JE AFP JEH
e S ELARRLRUS A RR i — 2D B5R
AHH 5 AR PSS 5 T UESE T FoxM1 5 AFP
FERL S B WG R, itk — 2B A5 FoxM1 J& 15
AE L 255 AFP JERRPE T 9GS AFP JE K%
S ARHE AFP 3K 5 R, 1 5 | S AT 20 B 3 g fn
SR & A G AR AR 2 F ORI L T4 , o B
TR A 23T AL R AL T3 i L
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